Aerococci can be misidentified as streptococci, enterococci, pediococci, lactococci, or leuconostocs. To distinguish the genus and determine if another species is needed in the present taxon, we analyzed 37 aerococci for cellular fatty acids and compared them with 377 strains of gram-positive cocci, including the species type strains from each of the related genera. The cellular fatty acid profile of aerococci was distinguishable from other genera. Two relatively novel fatty acids found in the aerococci were identified as Ci6:iû,9, and Ci6:,,it.
acetyltransferase (CAT) production and the inactivation of chloramphenicol is reported to be the most common mechanism by which GPC are resistant to chloramphenicol (1); however, a recent report indicated that a rapid detection method for CAT resistance was not a reliable test for chloramphenicol resistance in the aerococci (17) . Reappraisal of Aerococcus has shown a need to clearly define the genus and determine the genera with which it can be confused, especially those that have resistance to drugs such as vancomycin (6, 7, 23) . The aerococci, when tested with the recommended routine methods (12) , resemble at least five related genera: Enterococcus, Lactococcus, Leuconostoc, Pediococcus, and Streptococcus (2, 5, 6, 25) . Therefore, a study was undertaken to characterize these strains by using more comprehensive biochemical tests, cellular fatty acid (CFA) profiles, and DNA-DNA reassociation studies.
Also included in the study was a strain of yellow-pigmented GPC, previously identified by the Centers for Disease Control reference laboratories as "Gafflya" sp. This bacterium was evaluated because of its resemblance to * Corresponding author.
aerococci and because it no longer has a valid classification (10) .
MATERIALS AND METHODS
Bacterial cultures. All clinical isolates were obtained from the culture collection of the Bacterial Reference Laboratory, Respiratory Diseases Branch, Centers for Disease Control, and were previously identified by conventional biochemical methods (11, 12) . A total of 414 strains representing 34 species from six genera were examined during this study. Thirty-one clinical isolates identified as aerococci were selected for study, including a strain identified as "Gafjkya" sp. The type strains of all species of the genera, including A.
viridans ATCC 11563 and reference strain A. viridans ATCC 10400 ("Gaffkya homari," the lobster pathogen) (8, 10, 14) , were obtained from the American Type Culture Collection, Rockville, Md. Five reference stock strains (SS) of aerococci (SS928, SS929, SS930, SS931, and SS932) were obtained from Evans, Williams, Hirsch, and Baird-Parker (10, 14, 29 (12) , lack cytochromes (8, 30) or streptococcal group antigens, do not decarboxylate arginine or grow at 10 or 45°C, but do grow in brain heart infusion broth containing 6.5% salt. These strains were reexamined and tested for production of 1-pyrrolidonyl-,-arylamidase (3), leucine aminopeptidase, and gas from glucose (Table 1 ). In addition, they were examined for susceptibility to vancomycin by using a 30-lig disk with agar diffusion (11) . The strains were further tested with API Rapid Strep, the API ZYM system, API Rapid CH (Analytab Products, Plainview, N.Y.), MUG disks (Remel, Lenexa, Kans.), and the Rapid SS panel (Innovative Diagnostics, Stone Mountain, Ga.) for enzyme production.
Chromatography for end products of glucose fermentation. Eleven strains of aerococci were grown in a peptone yeast glucose broth (Carr-Scarborough Microbials, Inc.) for 3 days at 35°C. To determine the major end products of glucose fermentation, the growth medium was extracted for both volatile and nonvolatile acids and prepared for analysis on a gas chromatograph (Dohrman Environtech, Mountain View, Calif.) by using a previously reported method (16) . Subsequently, the volatile and the methyl ester derivatives of nonvolatile acids were analyzed on the gas chromatograph for end products.
Antimicrobial susceptibility. The 30 clinical isolates of aerococci were tested for susceptibility to a panel of eight antimicrobial agents by using the broth microdilution method (21) . The CAT testing. The strains of aerococci that were resistant to chloramphenicol were tested for the presence of CAT by using two methods: a commercial disk kit (C.A.T. reagent test; Remel) and the previously reported CAT macrotube test (1). The cells required a different system for lysing; therefore, lysozyme and mutanolysin for DNA extraction were used as described previously (27) .
Gas chromatography of CFA. Thirty-seven aerococci that included 30 clinical isolates, A. viridans ATCC 11563 and ATCC 10400; strain G-1, identified as "GajJkya" species, and the stock strains SS928, SS929, SS930, SS931, and SS932 were analyzed for CFA content. A total of 174 enterococci, 175 streptococci, 20 pediococci, and 8 lactococci were tested, including the type strain for each species. Aerococcus, Enterococcus, and Streptococcus strains were grown in 60 ml of Todd-Hewitt broth for 3 days at 35°C. Pediococcus strains were grown in De Man, Rogosa, and Sharp broth (9) for 3 days at 30°C; P. halophilus required the adjustment of NaCl to a final concentration of 5%; and P. damnosus required a pH adjustment of the De Man, Rogosa, and Sharp broth to pH 4.5 and increased incubation to 5 days at 25°C. Lactococcus strains were grown in brain heart infusion broth (supplemented with 0.3% yeast extract) for 3 to 5 days at 30°C. The cells were centrifuged, washed in distilled water, and saponified. The liberated CFA were methylated and extracted as previously described (19) . The resulting CFA methyl esters were analyzed by the HP 5898A Microbial Identification System (Hewlett-Packard Co., Avondale, Pa.) on a Hewlett-Packard 5890 gas chromatograph equipped with a flame ionization detector. Gas chromatograph separation of CFA methyl esters was done with a fused silica cross-linked methyl silicone (OV-1) capillary column (50 m by 0.2 mm, diameter). Identifications were confirmed by analysis of monounsaturated fatty acids with dimethyl disulfide derivatives combining gas chromatography and mass spectrometry (18 RESULTS AND DISCUSSION Gas chromatography for fermentative end products of glucose. Each of the 11 aerococci produced lactate as the major acid from fermentation of glucose, which is also the major acid produced by the five related genera (25) .
Antimicrobial MICs. Ranges and modes of the MICs are shown in Table 2 . The MICs for 9 of the 30 strains were 0.5 ,ug or more of penicillin per ml, with MICs for 5 strains being more than 1 ,ug/ml; therefore, by using the streptococcal category of the National Committee for Clinical Laboratory Standards, Villanova, Pa. (21) , approximately 46% of the strains tested are either relatively resistant or resistant to penicillin. The MICs for 4 of the strains, which were resistant to chloramphenicol, were 16 jxg/ml or more, and MICs for 24 of the remaining 26 strains were 8, indicating reduced susceptibility. Penicillin and chloramphenicol are first-line drugs used for treating patients with meningitis; therefore, resistance to chloramphenicol combined with resistance to penicillin may be clinically significant, since 22 of the 178 isolates were from cerebrospinal fluid.
Test for the presence of acetyltransferase. The four aerococci were resistant to chloramphenicol on the basis of the presence of CAT. CAT was detected by both the standard CAT test and the rapid CAT reagent test. Both methods required a modification of cell lysis by using the same method described for DNA studies (27) . Thus, inclusion of an enzymatic method for lysing cells should make the rapid CAT reagent test kit acceptable for the detection of CAT in aerococci.
Gas chromatography of CFAs. Two fatty acids that distinguish aerococci from closely related genera were identified as Cl6i,<a9c and C16:1î,9t by their mass spectrum fragmentation pattern and retention characteristics on nonpolar capillary gas chromatography columns (18) . The This difference in CFAs indicated a possible subgroup or separate species; therefore, DNA relatedness studies were needed for the present taxon of Aerococcus (Table 3) .
The CFAs of the aerococci were compared with those of four related genera ( b Number to the left of the colon refers to the number of carbons; number to the right refers to the number of double bonds; w, double bond position from hydrocarbon end of carbon chain: c, cis isomer; t, trans isomer; cyc, cyclopropane ring. Values are percentages of total acids; tr, less than 1%; ND, not detected.
C Consists of the two motile species, E. casseliflavus and E. gallinarum; E. pseudoavium was not included.
selected for DNA-DNA hybridization studies. Esculin hydrolysis and the presence of Cl9:ocyc9 1l were the two criteria used for selection. The five strains that did not hydrolyze esculin were as follows: the type strain, A. viridans ATCC 11563; two stock strains, SS929 and SS931; and two clinical isolates, 1639-76 and 2301-79. The six strains that hydrolyzed esculin were: the lobster pathogen A. viridans ATCC 10400 ("GaJkya homari"); G-1, previously identified as "Gafflkya" sp.; stock strains SS928 and SS930; and two diagnostic strains, 154-78 and 1500-81. The three strains that contained Cl90cyc9 lo were ATCC 11563T and two diagnostic strains, 2301-79 and 154-78. The type strains for each of the Enterococcus species and six of the Pediococcus species, as well as L. raffinolactis (Table 1) were also included. L. raffinolactis was selected because its fatty acid content differed from the other lactococci by the absence of C19:Ocyc1112, The DNA hybridization results are shown in Table 5 . DNAs from seven of the aerococcal strains were at least 73% related to the type strain ATCC 11563 in stringent reactions and at least 75% related in optimal reactions, and the divergence ranged from 1.5 to 4%, indicating that these isolates were A. viridans (Table 5 ). The three remaining strains (SS928, SS930, and 1500-81) were 60 to 77% related to the type strain in optimal reactions and 40 to 61% related in stringent conditions, and the divergence ranged from 6.5 to 11.5%.
After it was observed that there was more than one DNA relatedness group among aerococci, five Aerococcus which hydrolyzes esculin, did not produce P-glucuronidase but did produce the Cl9:ocyc9i,0 fatty acid.
The members of DNA group 2, although closely related to A. viridans (60 to 72%) and obviously in the same genus, were more closely related to each other (94 to 100%). These three strains were identical phenotypically: they hydrolyzed esculin and produced ,B-glucuronidase and P-galactosidase but not (x-galactosidase. This group is a candidate for a second Aerococcus species, but since it cannot be separated from A. viridans phenotypically, we prefer to refer to it as Aerococcus genospecies 2 rather than formally proposing a name at this time.
Under stringent conditions, the aerococci were related 7% or less to the enterococci, the pediococci (with the exception of P. halophilus, which showed less than 20% relatedness to the type strain of A. viridans), and L. raffinolactis. The relatedness of P. halophilus, although low, is probably significant because, unlike the other pediococci, it is susceptible to vancomycin and is pyrrolidonyl-arylamidase positive.
The CFA profiles were of great value in separating the five related genera. The homogeneity in CFA content was reflected in the DNA results of the organisms identified as aerococci, since all were at least 60% related under optimal conditions. The distinct CFA profile of aerococci was the first indicator that "Gaflkya" sp. belonged in the genus Aerococcus before being confirmed as belonging to Aerococcus by both DNA-DNA hybridization and conventional biochemical methods. The differences in CFA at the genus level were sufficient to confirm the reliability of the vancomycin 30-ptg disk as a tool for separating the aerococci from the pediococci (with the exception of P. halophilus). Therefore, we feel that vancomycin susceptibility and the presence of the two enzymes, pyrrolidonyl-arylamidase in aerococci compared with leucine aminopeptidase in pediococci (Table 1) , are criteria necessary for separating these genera and should be added to identification systems in the clinical laboratory. The enzymatic production results from the API Rapid Strep, Rapid SS panel, and MUG disk tests were satisfactory.
The phenotypic characteristics, fatty acid content, and DNA studies indicate that the genus Aerococcus is relatively homogeneous; however, a second species other than A. viridans may be considered.
